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D'nN901

TVt DY o, B, 7, D'TEnn N NRxi Polubarinova_Kufarev.m n'xjpion

D ninnn NINNONN 7W DIXTYIXRIT'E NI DATRAN NIR'YN? NIRIYN DDA |NNS
7ITIN IR ARWIY 7710 NIND TINK DX NAYNN %2190 ,q0m . f, nxpaon 197

LNTINITIN W *.avi yal DXt n'm7nnnn 71inn nimd? ona
NPT NI DR 1A DIMDIN MY N72Y90 NdIN 707

:N'7U90 N'dIN

function [at,bt,gt, f]=Polubarinova Kufarev (R,a,q,n,myT)
% Function Polubarinova Kufarev(R,a,q,n,myT) visualizing
evolution
% of moving boundary of incompressible viscous fluid,
surrounded by
% non-viscous fluid with respect to a well, using a
conformal map.
R => radius of the initial circle.
a => (a,0) is the center of the circle.
g => rate of the source.
n => time step.
myT => injection time.
Necessary conditions:
For extraction:
Varaibles must satisfy: g<0, a<R
For injection:
Varaibles must satisfy: g>0, a<R

A° A° A A° A° A° A° oA° o° o°

if nargin~=4 && nargin~=5
error ('Number of entered varaibles is incorrect!')
elseif nargin==
if R<=a || g>0
error ('Varaibles were entered incorrectly! See Help
on ''Polubarinova Kufarev''.')
else
[at,bt,gt, f,Pic]=Pol Kuf extraction(R,a,qg,n);
movie2avi (Pic, "Extraction.avi', 'compression',
'none') ;
end
elseif nargin==
if R<=a || g<0
error ('Varaibles were entered incorrectly! See Help
on ''Polubarinova Kufarev''.')
else
[at,bt,gt, f,Pic]=Pol Kuf injection(R,a,q,n,myT);
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movie2avi (Pic, "Injection.avi', 'compression',
'none') ;
end
end
)77 1Y NN

function [at,bt,gt,f,Pic]=Pol Kuf injection(R,a,q,n,myT)

% Rational solution of Polubarinova-Kufarev equetion

% This program visualizing the process of

% insertion (g>0) of oil thru a well, based in the origin,
for time 'myT'.

% Center of the initial domain is in point (a,0).

% Variable 'a' must satisfy the condition: a<R.

n => time step.

o\°

teta=0:2*pi/1000:2*pi;
ksi=exp (li*teta);
t=0:myT/n:myT;
O=g*t/pi;

syms p

p_sol=zeros (3, length(t));

for i=l:length (t)
At=((R"2-Q(1))"2) *p"3-

(2*a"2*R"2+2*a”2*Q (i) +a"4) *p+2*ar4;
Atpoly=sym2poly (At) ;
p_sol(:,1)=roots (Atpoly);

end

at=find at(p_sol);
bt=0.5*(1-at.”2) .*(a./at+(at/a).*(R"2-Q));
gt=0.5*(a./at-(at/a) .*(R"2-Q)) ;

m=sqgrt (R*"2+myT*abs (q) /pi)+0.5;
f=zeros(l,length(t));

for i=1l:length (t)
for j=1l:length(teta)
f(i,j)=fksi(at(i),bt(1),gt(i),ksi(3));
end
plOt(O/O/ ’Xk’IaIOI ’*r’I [O O]I [_m m]/ '—]f', [_m m]/ [O
0]l,"'"-r"); hold on
plot (real (R*ksi) +a, imag (R*ksi))
plot(real (f(i,:)),imag(f(i, :)))
grid on; axis([-m m -m m]); axis equal;
xlabel ('x'"); ylabel('iy"')

title(['R = ' num2str(R) ', a = ' num2str(a) ', g
' num2str(g) ', time = ' num2str (myT) ' [sec]'])

text (a,-0.15,'a'"); text (0.1, -0.18, '0");

if R>=1

text (a+0.2*R, 0.35*R,'D(0)");
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end
Pic (i)=getframe;
end
hold off
percent=(abs (trapz (real (f (end, :)),imag(f (end, :)))) -
Pi*R"2) / (pi*R"2) *100;
fprintf ('\nPrecentege of injected oil\n')
fprintf ('with respect to initial domain is: %.3g\n\n',
percent)

function y=fksi (at,bt,gt, ksi)

% defines the conformal mapping
y=bt*ksi/ (l-at*ksi)+gt*ksi;

function at=find at (A)

% finds desired value of at
sorted A=sort (A);
at2=sorted A(2,:);

at=sqgrt (at2);

7' AV N'2In

function [at,bt,gt,f,Pic]=Pol Kuf extraction(R,a,qg,n)
Rational solution of Polubarinova-Kufarev equetion
This program visualizing the process of

extraction (g<0) of oil thru a well based in the origin.
Center of the initial domain is in point (a,0).
Variable 'a' must satisfy the condition: a<R.

n => time step.

o® o° o° o° o°

o\°

teta=0:2*pi/1000:2*pi;
ksi=exp (li*teta);
t=blowup time(R,a,q,n);
Q=g*t/pi;

syms p

p _sol=zeros (3, length(t));

for i=1l:length (t)
At=((R"2-Q(1))"2) *p"3-

(2*a"2*R"2+2*a”2*Q (i) +a~4) *p+2*ar4;
Atpoly=sym2poly (At) ;
p_sol(:,1)=roots (Atpoly);

end

at=find at(p sol);
bt=0.5*(1-at.”2).*(a./at+(at/a) .*(R"2-0Q));
gt=0.5*(a./at-(at/a) .*(R"2-Q)) ;

m=1.5*R;
f=zeros(1l,length(t));
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for i=1l:length (t)
for j=l:length (teta)
f(i,3)=Ffksi(at (i),bt (i), gt (i), ksi(3));
end
plOt(OrOr 'Ok'IaIOI '*rll [O O]I [-m m]/ '—I', [-m m]/ [O
0], '"-r'"); hold on
plot (real (R*ksi)+a,imag(R*ksi))
plot(real (f£(i,:)),imag(f(i, :)))
grid on; axis([-m m -m m]); axis equal;
xlabel ('x'"); ylabel ('iy")

title(['R = 'num2str(R) ', a = ' num2str(a) ', g ="'
num2str (q) ', cusp time = ' num2str(t(end)) ' [sec]'])

text (a,-0.15,'a'");

if R>=1

text (a+1*R,0.75*R, 'D(0) ") ;

end

Pic (i)=getframe;
end
hold off

percent=(pi*R"2-

abs (trapz (real (f(end, :)),imag(f(end, :)))))/ (pi*R"2) *100;
fprintf ('\nPrecentege of extracted oil\n')

fprintf ('with respect to initial domain is: %.3g\n\n',
percent)

function y=fksi (at,bt,gt, ksi)

% defines the conformal mapping
y=bt*ksi/ (l-at*ksi)+gt*ksi;

function at=find at (A)
% finds desired value of at
sorted A=sort (A);
at2=sorted A(2,:);

at=sqgrt (at2);

function time=blowup time(R,a,q,n)
% Calculates the time until the cusp reaches the well.
% Interpreted as a rush of water into the oil-extracting

A=(R"2-Q)"2;
B=— (2%a”2*R"2+2*a”2*Q+a"4) ;
C=2*a’4;

delta=-4*A*B"3-27*A"2*C"2; % discriminant of polinom order 3
sol=solve(delta, t);

T=double (sol (3))-0.0001;

fprintf ('"\nRush of water into the oil-extracting\n')
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Q

fprintf('well starts after: %.5g [sec]\n',T)
time=0:T/n:T;
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